In this study, surface imprinted particles were synthesized by precipitation polymerization using silica microspheres as carrier for adsorbing sulphamethoxazole (SMO) from aqueous media. Different functional monomers (4-vinylpyridine, acrylamide and methacrylic acid) and different cross-linkers (ethylene glycol dimethacrylate and N,N'-methylenebisacrylamide) were selected to synthesize different kinds of molecularly imprinted polymers (MIPs) and their corresponding non-imprinted polymers. The MIP with the best adsorption performance in aqueous media was identified by adsorption experiments. Various kinds of kinetic models and isotherm models were fitted, and the kinetic and isotherm properties of MIPs in selective adsorption were studied and analyzed in depth. Advanced characterization methods were applied to demonstrate the successful preparation of the imprinted materials, and expound their physical and chemical properties. In addition, the concentration of SMO in aqueous media was determined by solid-phase extraction and highperformance liquid chromatography.
INTRODUCTION
Antibiotics are probably the most successful drugs identified so far for improving the health of both plants and animals. These drugs are often used in the treatment of infections (Cabello 2006; McManus et al. 2002; Singer et al. 2003) . However, the widespread and excessive use of antibiotics has had a negative effect on the environment (Du and Liu 2012; Martinez 2009) . A large proportion of antibiotics ingested are eliminated from the body in the original form or as an active metabolite through defecation, because they cannot be completely metabolized by the human body. The eliminated antibiotics will directly affect the ecological environment after undergoing a series of biotransformation processes, such as adsorption, photolysis, hydrolysis and microbial degradation (Du and Liu 2012; Xu et al. 2007b ). Recent studies have indicated that samples (e.g. wastewater from hospitals, wastewater from sewage-treatment plants, downstream water of farms, surface water and underground water) collected from countries such as China, Japan, Canada and USA contain different kinds of antibiotics at varying range of concentrations (Edge and Hill 2005; Hruska and Franek 2012; Middleton and Salierno 2013; Xu et al. 2007a; Yasojima et al. 2006) . The high persistence of antibiotics in wastewaters is mainly because the sewage-treatment plants do not have the capability to remove these drugs. However, some *Author to whom all correspondence should be addressed. E-mail: Zhouzp@ujs.edu.cn (Z. Zhou)/xwz09@ujs.edu.cn (X. Xu). amounts of antibiotics are removed incidentally when other pollutants are removed using a traditional adsorbent such as activated carbon (Xu et al. 2007a) . Therefore, there is a necessity to develop an effective and practical method for the selective removal of antibiotics from wastewater.
Molecular imprinting is a versatile and straightforward method to synthesize artificial receptors, which contain special binding sites for a given template molecule. The synthesis of molecularly imprinted polymers (MIPs) is based on the polymerization of functional monomers and cross-linkers around the template molecule. The specific recognition sites are left behind after the elution of the template molecule (Alexander et al. 2006; Haupt 2001; Whitcombe and Vulfson 2001) . The MIPs have many advantages such as good affinity, high specific recognition and high stability, and thus, they are widely used in solid-phase extraction (SPE), drug delivery, sensors, mimicking enzyme catalysis, and in various other processes (Alexander et al. 2006; Giuseppe et al. 2011; Haupt 2001; Haupt and Mosbach 2000; Puoci et al. 2011; Whitcombe and Vulfson 2001) . Although studies on molecular imprinting have made great progress, some problems and challenges still need to be addressed. Traditional molecular imprinting technique has a number of disadvantages such as poor site accessibility, unfavourable kinetics of the adsorption process and low adsorption efficiency. By contrast, surface molecular imprinting has been demonstrated to be an effective method to overcome these problems. The MIPs prepared by surface molecular imprinting have not only higher adsorption capacity but also higher selectivity, which is achieved by decreasing embedded recognition sites, reducing transfer resistance, improving adsorption accessibility and accelerating adsorption kinetics (Guan et al. 2013; Schirhagl et al. 2012) .
Sulphonamides are antibacterial drugs used for treatment of infections in humans and animals. However, sulphonamides removal from various media is a very difficult process (Hruska and Franek 2012; Xu et al. 2007a) . Recently, several MIPs for removing sulphonamides have been prepared as the stationary phase for high-performance liquid chromatography (HPLC) and as solid-phase extracting agents Hu et al. 2008 Hu et al. , 2012 Hung et al. 2008; Zheng et al. 2002) ; in addition, some studies also analyzed the concentrations of sulphonamides in fish, pork, chicken and milk samples (Gao et al. 2010; Guo et al. 2008; He et al. 2008; Kong et al. 2012; Su et al. 2008; Xu et al. 2010) . However, studies evaluating the use of MIPs for removing and determining the concentration of sulphonamides from aqueous media are scarce. Xu et al. (2012) prepared thermal-responsive magnetic MIPs using acrylamide (AAm) and N-isopropylacrylamide as the co-functional monomers and ethylene glycol dimethacrylate (EGDMA) as the cross-linker for selective removal of sulphamethazine (SMZ) from aqueous solution. Valtchev et al. (2009) prepared imprinted polymers for adsorption of sulphamethoxazole (SMO) using one or two of the three functional monomers including methacrylic acid (MAA), itaconic acid and N-vinylpyrrolidone, with EGDMA and divinylbenzene as the cross-linkers; however, the prepared adsorbent did not exhibit obvious selective adsorption capacity when the amount of MIPs were increased compared with the volume of SMO solution.
In this work, MIPs were synthesized using silica by a combination of surface molecular imprinting technique ( Figure 1 ) and precipitation polymerization for selective removal of SMO from aqueous media. According to the given template (SMO), 4-vinylpyridine (4-VP), MAA and AAm were selected as the functional monomers and EGDMA and N,N'-methylenebisacrylamide (MBA) were selected as the cross-linkers. Different preparation schemes of MIPs and nonimprinted polymers (NIPs) were established. The MIP with the best adsorption performance was confirmed by selective adsorption experiment (the chemical structures of SMO and its analogues are shown in Figure 2 ). For the MIP (and its NIP) with optimal adsorption performance, the adsorption kinetics were analyzed using pseudo-first-order kinetic, pseudo-second-order kinetic and Elovich equations, and the adsorption isotherms were analyzed using the Langmuir, Freundlich isotherms and Sips models. The resultant materials are characterized by Fourier transform infrared (FTIR) spectrometry, scanning electron microscopy (SEM), and thermogravimetric analysis (TGA). In addition, using the MIP with optimal adsorption performance, the concentration of SMO in aqueous media was determined by SPE.
EXPERIMENTAL ANALYSIS 2.1. Materials and Instruments
SMO (99%), sulphadiazine (SDZ; 99%), sulphamerazine (SMR; 99%), SMZ (99%), MAA (99%) and MBA (for electrophoresis; 99%) were obtained from Aladdin Reagent Co., Ltd. (Shanghai, China). 4-VP and EGDMA were supplied by Sigma-Aldrich Chemical Company (St. Louis, MO, USA). 3-Methacryloxypropyltrimethoxysilane (MPS) and ammonium hydroxide (25%) were obtained from Nanjing Chemical Reagent Co., Ltd. (Nanjing, China). AAm, glacial acetic acid (HAc), azodiisobutyronitrile (AIBN), acetonitrile, methanol, ethanol, dichloromethane (DCM), 2-propanol and tetraethyl orthosilicate (TEOS) were all purchased from Sinopharm Chemical The S-4800 field-emission scanning electron microscope to observe the morphologies of MIPs was purchased from Hitachi (Japan). Nicolet Nexus 470 FTIR spectrometer (USA), which was used to record the FTIR spectra (4000-500 cm -1 ) with KBr as background spectra, was obtained from Nicolet (USA). Diamond thermogravimetric/differential thermal analyzer for TGA was obtained from PerkinElmer (USA). HPLC used to determine the concentration of SMO and its analogues was obtained from Shimadzu (Japan). HGC-8 digital-controlled solid-extraction device was purchased from Shanghai Hegong Science and Technology Co. Ltd. (Shanghai, China).
Preparation of Adsorbent

Preparation of Silica Microspheres
First, 600 ml ethanol, 36 ml distilled water and 36 ml ammonium hydroxide (25%) were mixed in a three-neck flask by vigorous stirring. After 10 minutes, 36 ml of TEOS was added dropwise, and the mixture was allowed to react at room temperature for 12 hours. The product was then centrifuged and washed several times until the supernatant became neutral, and dried in vacuum at 60 °C until the weight became constant.
Preparation of Vinyl-Modified Silica Microspheres
Silica microspheres (300 mg) were dispersed in 50 ml toluene by sonication for 30 minutes, and the mixture was stirred continuously. After adding 3 ml of MPS dropwise, the mixture was allowed to react at room temperature under continuous mechanical stirring for 24 hours. Finally, the vinyl-modified silica microspheres were separated and washed for sufficient time, and dried in vacuum at 60 °C until the weight became constant. 48 P. Ma et al./Adsorption Science & Technology Vol. 33 No. 1 2015 
Preparation of SMO-MIPs and NIPs
The MIPs and their NIPs for adsorbing SMO were prepared by the surface molecular imprinting technique. In brief, the procedure is as follows: first, 1 mmol of SMO and functional monomers (the volumes of functional monomers and cross-linkers are presented in Table 1 ) were dispersed in 30 ml of acetonitrile kept in a three-neck flask by sonication for 30 minutes. The mixture was then stirred continuously for 1 hour to form the pre-assemble solution. Second, the cross-linkers and vinyl-modified silica microspheres (300 mg) were dispersed in 30 ml of acetonitrile by sonication for 30 minutes, and the mixture was added to the pre-assembled solution under mechanical stirring to obtain the pre-polymerization solution. After purging with nitrogen for 10 minutes, 0.1 g AIBN was added into the reaction system, and the reaction was allowed to proceed at 60 °C with continuous stirring and under an atmosphere of nitrogen for 18 hours. After the polymerization step, the resultant MIPs were rinsed with ethanol until the supernatant becomes clear and eluted with a mixture solution of methanol/acetic acid (9:1, v/v) by Soxhlet extraction to remove the template molecules (i.e. SMO). Finally, the product was dried in a vacuum drying oven at 60 °C until the weight became constant. As a control, NIPs were prepared using the same method but without the addition of SMO.
Adsorption Experiments 2.3.1. Kinetic Adsorption Experiments
For the adsorption experiments, the aqueous solution of SMO with different concentrations ranging from 1 to 20 mg ml -1 and the mixed solution containing SMO, SDZ, SMR and SMZ with a concentration of 5 mg ml -1 for each compound were prepared. Approximately 10 mg of MIPs or NIPs was added into 7 ml of 10 mg ml -1 of SMO solution kept in a centrifuge tube. The centrifuge tubes were then sealed and shaken on a shaker at a frequency of 150 rpm. The adsorption time was pre-determined (from 1 minute to 2 hours). After separation, the supernatant liquid was filtered using a filter membrane system (0.22 mm). HPLC was used to determine the remaining concentration of SMO. The column was run at a flow rate of 1.0 ml minute -1 using methanol-H 2 O-HAc (30/70/0.1, v/v/v) as the mobile phase. The injection volume was 20 ml, and the UV detector was set at the wavelength of 270 nm. The calibration curves for SMO and its analogues ranging from 0.05 to 20 mg ml -1 with high correlation coefficients (R 2 > 0.9996) were obtained. The adsorption capacity of SMO was calculated as follows: 15  15  15  15  15  15  15  15  20  20  M B A  5  5  5  5  5  5  5  5 --
where q t (mg g -1 ) is the adsorption capacity of MIPs or NIPs at time t; C 0 and C t (mg l -1 ) are the concentrations of SMO initially and at time t, respectively; V (l) is the solution volume and m (g) is the weight of MIPs or NIPs. The kinetic adsorption experiments using MIPs or NIPs were all conducted according to the aforementioned steps at 298, 308 and 318 K.
Isothermic Adsorption Experiments
Isothermic adsorption experiments were also performed at three different temperatures. First, 10 mg of MIP or NIP was added into centrifuge tubes containing 7 ml of SMO solution with different initial concentrations ranging from 2 to 20 mg ml -1 , after which the centrifuge tubes were shaken for 1 hour to achieve the adsorption equilibrium. After separation and filtration of the mixture, the concentration of SMO remaining in the solution treated with MIPs or NIPs was determined using HPLC. The equilibrium adsorption capacity was calculated as follows:
where q e (mg g -1 ) is the equilibrium adsorption capacity of MIPs or NIPs and C e (mg l -1 ) is the equilibrium concentration of SMO in solution.
Selective Adsorption Experiments
The SMO and its analogues including SDZ, SMR and SMZ were chosen to test the adsorption selectivity of MIPs and NIPs. Approximately 10 mg of MIPs or NIPs was added to 7 ml of mixed aqueous solution containing SMO and its aforementioned analogues (concentrations of all compounds were 5 mg ml -1 ). The adsorption process was carried out at 298 K for 1 hour, and the concentrations of SMO, SDZ, SMR and SMZ were determined after achieving equilibrium. The distribution coefficient (K d , ml g -1 ), selectivity coefficient (K) and relative selectivity coefficient (K') of SMO, SDZ, SMR and SMZ were calculated using the following equations:
where K d (ml g -1 ) is the distribution coefficient, q e is the equilibrium adsorption capacity and C e (mg ml -1 ) is the equilibrium concentration.
where K is the selectivity coefficient and X represents SDZ, SMR and SMZ.
where K' is the relative selectivity coefficient.
Determination of SMO in Aqueous Media
To validate the applicability of the imprinted adsorbent for adsorption of SMO from aqueous media, water samples taken from Yudai River and Mirror Lake in Jiangsu University were selected. The samples (concentrations, 0.01, 0.1 and 1 mg ml -1 ) were spiked with varying concentrations of SMO. The MIP that exhibited the best selective adsorption capacity was chosen for further analysis with the samples. First, the MIPs (0.5 g) were placed in an empty SPE cartridge (64 mm ¥ 9 mm), and two sieve plates were placed above and below the adsorbent bed. Before loading the sample, the cartridge was pre-conditioned with 5 ml of methanol followed by addition of 5 ml of double-distilled water. Then, 50-ml spiked sample solution was loaded into the cartridge (n = 10 times). The cartridge was dried with nitrogen for approximately 30 minutes, and then washed several times with 5 ml of double-distilled water and 5 ml of DCM. The analytes retained in the cartridge were eluted two times with 8 ml of methanol/acetic acid solution (9:1, v/v). The eluents were collected and dried under gentle nitrogen stream. Finally, the residues were condensed in 2 ml of double-distilled water, and the spiked samples after selective enrichment (enrichment coefficient, 25) were measured by HPLC. The aforementioned conditions are explained in a previous study (Duan et al. 2013) , and these were further optimized.
RESULTS AND DISCUSSION 4.1. Adsorption Selectivity
In this section, the selectivity and adsorption capacity (q e , mg/g) were used as the evaluation criteria to identify the MIP with the best adsorption performance. The adsorption capacities of five groups of MIPs and their NIPs for SMO and its analogues are shown in Figure 3 . From Figure 3(a) , the adsorption capacities of MIPs can be compared. For the template SMO, the adsorption capacity of MIPs is ranked in the descending order as follows: MIP3 > MIP5 > MIP2 > MIP1 > MIP4. MIP3 and MIP5 showed higher adsorption capacity towards SMO than the others. The common feature of MIP3 and MIP5 was that they both used 4-VP and acrylamide (AM) as the co-functional monomers. By contrast, MIP1 and MIP2, which used one functional monomer, showed lower adsorption capacity than MIP3 and MIP5, suggesting that using 4-VP and AM as the co-functional monomers can significantly enhance the adsorption capacity of MIPs for SMO compared with using only one monomer. However, MIP4, which used 4-VP and MAA as the co-functional monomers, had the lowest adsorption capacity, suggesting that MAA does not have a favourable interaction with SMO. Although MIP3 and MIP5 have similar adsorption capacity for SMO, MIP5 adsorbs more analogues than MIP3. This could be attributed to the surface hydrophilicity provided by MBA. The improvement in surface hydrophilicity markedly reduced the non-specific adsorption. In addition, the order of NIPs' adsorption capacities is the same as that of the MIPs [Figure 3(b) ], which is similar to that of a previous finding (Baggiani et al. 2012) that the imprinting effect is due to the presence of a template, which enhances the pre-existing binding properties of a polymer. The detailed numerical result of adsorption selectivity including adsorption capacities, distribution coefficients (K d , ml g -1 ), selectivity coefficients (K) and relative selectivity coefficients (K') is presented in Table 2 . The selectivity coefficients and relative selectivity coefficients of MIP3 show a high improvement compared with MIP5 (increasing rates of K' for adsorption of SDZ, SMR and SMZ are 25.1%, 25.7% and 39.4%), which demonstrates that introducing the hydrophilic cross-linker (i.e. MBA) is a suitable option to reduce surface nonspecific adsorption of SMO on MIPs. In addition, the K and K' of MIP1 and MIP2 are both distinctly lower than those of MIP3 and MIP5, which could demonstrate that the imprinted system using 4-VP and AM as the co-functional monomers can recognize SMO better when compared with using only one functional monomer. The K and K' values of MIP4 are very low for the five MIPs, demonstrating that MAA cannot recognize SMO well and is unfit to be used as the functional monomer of SMO.
The aforementioned data show that MIP3 possesses the best adsorption performance in our study as a result of selecting the appropriate co-functional monomers and the introduction of a hydrophilic cross-linker. The study on adsorption theory and applications of MIP3 are discussed in the following sections. 
Analysis of Adsorption Kinetics
In different systems, surface effect and chemical action overlap partly, and thus, it is difficult to explain the parameters and mechanism of kinetics. For MIP3, which possesses the best adsorption performance, the adsorption process was studied. Three kinetics models including pseudo-firstorder kinetics model, pseudo-second-order kinetics model and Elovich kinetics model were used to fit the experimental data, and their corresponding equations are as follows:
q t = q e 2 k 2 t/(1 + q e k 2 t) (7)
where q e and q t are the amount of SMO adsorbed on adsorbents at the equilibrium time and at time t, respectively; t is the adsorption time; k 1 and k 2 are the adsorption rate constants of pseudo-first-order and pseudo-second-order models, respectively; 'a' is the initial adsorption rate and 'b' is a constant related to the surface coverage. The fitting curves and the fitting data of kinetics models of MIP3 and NIP3 are presented in Figure 4 and Table 3 , respectively. In general, MIP3 was used to explain the adsorption process. According to Figure 4(a) , the adsorption rate is constantly maintained at a high level in the initial stage of adsorption but it gradually slows down after 5 minutes. During the initial stage of adsorption, the linear adsorption mainly involves surface diffusion; in the second stage, the nonlinear adsorption mainly involves intra-particle diffusion, and the decline in adsorption rate could be attributed to the resistance of mass transfer, which the template molecule needs to overcome. Finally, the adsorption process reaches equilibrium at approximately 60 minutes. Between 60 and 54 P. Ma et al./Adsorption Science & Technology Vol. 33 No. 120 minutes, the adsorption capacity is maintained constant. Based on the experimental results of adsorption kinetics, the other MIPs and NIPs had reached the adsorption equilibrium before 60 minutes. Therefore, we chose 60 minutes as the time of adsorption equilibrium to conduct all the adsorption experiments. From Figure 3 , it can be clearly observed that the experimental data of adsorption kinetics of MIP3 fit the pseudo-second-order kinetics model better than the other two kinetics models. However, the adsorption kinetics of NIP3 fits the pseudo-first-order kinetics model better. Unlike the adsorption process of MIP3, it was difficult to distinguish the second stage of adsorption process of NIP3. The adsorption process achieved equilibrium rapidly after the linear adsorption stage. It is because NIP3 does not possess the imprinted recognition sites. In addition, the adsorption processes at different temperatures show distinctly different adsorption kinetics curves. The adsorption capacity is increased when the temperature rises from 298 to 308 K, whereas it falls when the temperature rises to 318 K. From Table 3 , it can be seen that only correlation coefficients (R 2 ) of the pseudo-second-order kinetics model of MIP3 meet the required value of 0.99, which is in line with the fitting curves shown in Figure 4 . The experimental equilibrium adsorption capacities of MIP3 and NIP3 at different temperatures have little difference with the equilibrium adsorption capacities. The adsorption process of MIP3 was dominated by a combination of physical adsorption and chemical adsorption.
Analysis of Adsorption Isotherms
In this section, the characteristics of adsorption process of MIP3 and NIP3 were studied using two-parameter isotherm models, including the Langmuir model and the Freundlich isothermal model, and the three-parameter isotherm model (i.e. Sips model). The Langmuir model was used to describe monolayer adsorption and the Freundlich model was used to describe the adsorption 
where q mL (mg g -1 ) is the maximum adsorption capacity of monolayer adsorption; k L (l mg -1 ) is the Langmuir constant; K F and n F are the Freundlich constants demonstrating adsorption capacity and intensity, respectively; a s is a constant related to the adsorption energy and n s is used to express the uniformity of adsorption. The fitting curves and fitting data of adsorption isotherms models of MIP3 and NIP3 are presented in Figure 5 and Table 4 , respectively. As shown in Figure 5 , the equilibrium adsorption capacity increases with the increase in SMO concentration for both MIP3 and NIP3. As the equilibrium adsorption capacity increases, the growth rate of the equilibrium adsorption capacity declines. Because of the low concentration range, the curves in Figure 5 do not reach saturation. The isotherms curves at 308 K are above that recorded at 298 and 318 K, which is in accordance with the conclusion of adsorption kinetics, thereby illustrating that 308 K is the appropriate temperature for adsorbing SMO in this study.
From Table 4 , it can be seen that the adsorption isotherms curves of MIP3 fit well with the Freundlich and Sips models (R 2 > 0.99) and the adsorption isotherms curves of NIP3 fit well with the Langmuir and Sips models. This difference is because the adsorption process of MIP3 involved surface diffusion and intra-particle diffusion, whereas the adsorption process of NIP3 relied solely on surface diffusion. The 1/n F value in Freundlich equation has a positive correlation with adsorption intensity. Therefore, for MIP3, the adsorption process at 308 K had the largest intensity. For NIP3, the adsorption process at 308 K had the largest maximum adsorption (monolayer) capacity according to the q mL values in Langmuir equation. In the Sips equation, the closer the n s value is to 1, the more uniform the surface of adsorbent is. Therefore, both MIP3 and NIP3 had favourable uniformity of adsorption. The n s value of NIP3 was closer to 1 than that of MIP3, as NIP3 without imprinted sites was not involved in intra-particle diffusion.
Characterization Methods
Scanning Electron Microscopy Analysis
The SEM images of silica nanoparticles, MIP3 and NIP3 are shown in Figures 6(a-c) , respectively. It can be observed that the sizes of composite particles are obviously bigger than those of pure silica nanoparticles. In addition, MIP3 appears to possess more pores and larger surface areas than NIP3, which can be attributed to the existence of SMO during the process of polymerization and formation of imprinted recognition sites.
Infrared Spectrum Analysis
The FTIR spectra of (a) silica microsphere, (b) vinyl-modified silica microspheres, (c) MIP3 and (d) MIP5 are shown in Figure 7 . As shown in Figure 7(a) , the silica microspheres exhibit characteristic features at 3415 and 1140 cm -1 , which correspond to the hydroxyl characteristic vibration adsorption peak and asymmetric stretching of Si-O-Si. In Figure 7(b) , the new peaks at 2960 cm -1 (-CH 2 -stretching), 2980 cm -1 (-CH 3 stretching) and 1724 cm -1 (C=O stretching) can be observed, which demonstrate that MPS had been grafted successfully. In Figure 7(d) , except for the Si-O-Si stretching, the characteristic peaks of EGDMA, including C=O vibration (1728 cm -1 ) and C-H stretching, the characteristic peak of 4-VP (1601 cm -1 , C=N stretching) and the characteristic peaks of AAm (3200 and 3300 cm -1 , N-H stretching) are observed, which confirm that the MIP layer had been successfully polymerized onto the surface of silica gel. In Figure 7(c) , except for the aforementioned characteristic vibration adsorption peak, the characteristic peaks of MBA including the amide I band (1673 cm -1 , C=O stretching) and the amide II band (1545 cm -1 , N-H stretching) are observed, which demonstrate that the cross-linker MBA had been introduced successfully. 
Thermogravimetric Analysis
The TGA results are shown in Figure 8 . From the results, we can find that there is a great reduction in the mass of both samples within 150 °C, which can be attributed to the loss of free water. The mass proportion of free water is approximately 7.31%. After 150 °C, the rate of mass loss of silica gel becomes slower and the mass of silica gel tends to be a constant at about 639 °C. The mass loss in this stage may be attributed to the loss of surface hydroxyl groups. However, the rate of mass loss of MIP3 is relatively high even after 150 °C, and the turning point appears at 459 °C. The temperature range from 150 to 459 °C can be considered the stage of mass loss of imprinted polymer layers and the mass of proportion of imprinted polymer is approximately 48.76%. After 459 °C, there is also a small amount of mass loss up to 711 °C where the proportion of mass tends to be a constant. The mass loss in this stage comes from the loss of surface groups of silica gel and the mass proportion is approximately 4.42%.
Determination of SMO in the Samples
The prepared MIPs were applied to the determination of SMO in the samples. The river water and lake water from Jiangsu University were used as aqueous media samples for the determination of SMO. The chromatograms of the blank Yudai River sample, sample spiked with SMO at a concentration of 0.01 mg ml -1 , spiked sample after selective extraction and enrichment using MIP3, and spiked sample after selective extraction and enrichment using MIP5 are shown in Figure 9 . Figure 9(b) shows the chromatogram of sample spiked with SMO at a concentration of 0.01 mg ml -1 . The peak of SMO and the peaks of irrelevant compounds in the samples overlap, and the limit of detection of SMO in the original spiked sample is too large for the concentration of 0.01 mg ml -1 , and therefore, the peak of SMO can be hardly seen in Figure 9 (b). After selective extraction and enrichment with MIP3 and MIP5, the peak of SMO appeared distinctly at 6.38 minutes and other irrelevant compounds in the sample were eliminated significantly [ Figures  9(c and d) ]. Comparing Figure 9 (c) with 9(d), it can be clearly observed that the peak of SMO after selective extraction and enrichment with MIP3 is higher than that with MIP5. In addition, 60 P. Ma et al./Adsorption Science & Technology Vol. 33 No. 9 . HPLC chromatograms of the blank lake water and lake water samples spiked with SMO at the concentration of 0.01 mg ml -1 before and after extraction and enrichment through MIP3-and MIP5-packed SPE cartridges: (a) blank lake water sample, (b) spiked lake water sample, (c) spiked lake water sample after extraction and enrichment through MIP3 and (d) spiked lake water sample after extraction and enrichment through MIP5.
the peaks of irrelevant compounds in Figure 9 (c) are lower than those in Figure 9(d) , and the base line of the chromatogram is more smooth and the limit of detection is lower after selective extraction and enrichment with MIP3 than with MIP5. To estimate the reliability and accuracy of this method, lake water and river water spiked with three levels of SMO (0.01, 0.1 and 1 mg ml -1 ) were studied. For each concentration, selective extraction, enrichment and determination were performed six times. The recoveries and precisions of the experiment using river water and lake water as the samples are presented in Table 5 . The mean recoveries from the river water and lake water samples using MIP3 as the SPE packing ranged from 78.8% to 89.7% and from 77.4% to 93.2%, respectively, whereas the recoveries from the river water and lake water samples using MIP5 as the SPE packing ranged from 62.3% to 78.6% and from 64.4% to 82.4%. The recoveries from the samples using MIP3 as the SPE packing were obviously higher than those using MIP5 as the SPE packing. The relative standard deviations (RSDs) of the recovery experiments using MIP3 and MIP5 as the SPE packing were less than 6.3% and 6.9%, respectively. The aforementioned data demonstrate that the MIP3 could be applied to selective extraction, enrichment and determination of SMO in the samples.
CONCLUSIONS
In this study, various kinds of adsorbents prepared by surface imprinting technology were used for selective extraction of SMO from the aqueous phase. The imprinted material synthesized using 4-VP and MAA as the functional monomers and MBA and EGDMA as the co-cross-linkers showed the best adsorption capacity. Our results showed that the imprinted system prepared using 4-VP and MAA as co-functional monomers could be appropriate for SMO removal. The crosslinker MBA improved the surface hydrophilicity of MIP while EGDMA provided the necessary rigidity. The adsorption equilibrium time was 1 hour and the optimal adsorption temperature was 308 K. For the MIP with the best adsorption performance, the adsorption kinetics fitted well with the pseudo-second-order model and the adsorption isotherms fitted well with the Freundlich and Sips models; for the corresponding NIP, the adsorption kinetics fitted well with the pseudo-firstorder model and the adsorption isotherms fitted well with the Langmuir and Sips models. At last, MIP with optimal performance coupling with SPE was used to determine the concentration of SMO in aqueous media samples, and the recovery rate ranged from 77.4% to 93.2% (RSDs < 6.3%). All the experimental results demonstrated the potential application of this novel adsorbent for selective removal and determination of SMO from aqueous media. 
